IgM
ϩ cells in the spleen, lymph nodes, and induced NF-B activation and fail to proliferate.
peripheral blood also was not altered significantly by
CARMA1 mutant mice exhibited normal T but impaired mutation of CARMA1 (data not shown). However, flow-B cell development; CD5
؉ peritoneal B cells were cytometric analysis of peritoneal cells from homozygous absent, and serum immunoglobulin levels were mark-CARMA1 mutant mice revealed a complete absence of edly reduced. A lacZ reporter gene knocked into the B220 ϩ IgM ϩ CD5 ϩ B cells (Figure 2A ). Another indication CARMA1 locus confirmed lymphocyte-specific exof impaired B cell development and function in these pression of CARMA1. Thus, CARMA1 has an essential mice was markedly reduced serum immunoglobulin levrole in mediating B and T lymphocyte proliferation and els ( Figure 2B ). IgM, IgG2b, and IgG3 isotypes in nine requires its CARD to engage downstream signaling out of nine naïve mice and IgA in seven out of nine mice components.
were below the level of detection, and mean IgG1 and IgG2a levels were down to 36%-40% of wild-type levels.
Results and Discussion
B and T cell function in the absence of wild-type CARMA1 also was assessed in terms of proliferation in The importance of the N-terminal CARD in CARMA1 response to various mitogens in vitro. Purified homozy-(includes murine amino acids 26-112) to signaling in the gous but not heterozygous CARMA1 mutant T cells whole animal was determined with mice that express a showed defective proliferation when stimulated either CARDless form of CARMA1 (⌬CARD). A targeting vector with antibodies to CD3⑀ and CD28 or with PMA and that replaced the CARD-encoding exons 2 and 3 with ionomycin ( Figure 3A ). For example, after 4 days of CD3⑀ a lacZ reporter gene and a PGK-neo cassette was deand CD28 crosslinking, [ 3 H]-thymidine uptake in wildsigned ( Figure 1A) . Retention of the exon 2 splice actype and heterozygous cultures was maximal and averceptor site ahead of stop codons in all three reading aged 100,000 cpm, whereas uptake in homozygous muframes and a consensus Kozak start site for the lacZ tant T cell cultures was negligible at less than 1000 cpm. gene allowed ␤-galactosidase expression ( Figure 1D 
